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Genetic Associations of Body Weight and Immune Response with the Major 
Histocompatibility Complex in White Leghorn Chicks 
Abstract 
Survival, body weight, and humoral immune response to sheep red blood cells (SRBC) were measured in 
256 chicks of the Iowa State University S1 Leghorn line. The chicks were produced from breeders 
selected for serological Ea-B blood type (B1 or B19), high or low humoral immune response to the amino 
acid polymer, glutamic acid-alanine-tyrosine (Ir-GAT), and response to Rous sarcoma virus-induced (RSV) 
tumors (progression or regression). Chicks were hatched from sublines representing all eight triple 
homozygous genotypes. 
Survival was significantly (P<.01) associated with Ir-GAT, but not with Ea-B or RSV response. Body weight 
was affected by Ea-B, Ir-GAT, and the interaction between Ea-B and Ir-GAT, but not by interaction with RSV 
response. The SRBC antibody titer was affected by the interaction of Ea-B and Ir-GAT. The SRBC antibody 
titer was also lowest in the B19 low group. There were positive significant correlations (.21 to .31) 
between SRBC antibody titer and body weights at all ages except hatch in the Ir-GAT low group, but there 
were no significant correlations between SRBC antibody titer and body weights in the Ir-GAT high group. 
In this population of White Leghorn chicks, the heritabilities of body weight ranged from .43 to .27 for 
weights at 2 to 6 wk of age, and the heritability of SRBC antibody titer at 4 wk was .34 ± .25. 
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ABSTRACT Survival, body weight, and humoral immune response to sheep red blood cells (SRBC) were 
measured in 256 chicks of the Iowa State University SI Leghorn line. The chicks were produced from 
breeders selected for serological Ea-B blood type (Bl or B'9), high or low humoral immune response to the 
amino acid polymer, glutamic acid-alanine-tyrosine (Ir-GAT), and response to Rous sarcoma virus-induced 
(RSV) tumors (progression or regression). Chicks were hatched from sublines representing all eight triple 
homozygous genotypes. 
Survival was significantly (P<.01) associated with Ir-GAT, but not with Ea-B or RSV response. Body 
weight was affected by Ea-B, Ir-GAT, and the interaction between Ea-B and Ir-GAT, but not by interaction 
with RSV response. The SRBC antibody titer was affected by the interaction of Ea-B and Ir-GAT. The 
SRBC antibody titer was also lowest in the B19 low group. There were positive significant correlations (.21 
to .31) between SRBC antibody titer and body weights at all ages except hatch in the Ir-GAT low group, 
but there were no significant correlations between SRBC antibody titer and body weights in the Ir-GAT 
high group. In this population of White Leghorn chicks, the heritabilities of body weight ranged from .43 
to . 27 for weights at 2 to 6 wk of age, and the heritability of SRBC antibody titer at 4 wk was . 34 ± . 25. 
(Key words: body weight, immune response, heritability, major histocompatibility complex, survival) 
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INTRODUCTION 
The segregation of blood types in the chicken 
was described by Briles et al. (1950) and the 
relationship of the erythrocyte antigen B (Ea-B) 
to the major histocompatibility complex (MHC) 
of the chicken was discovered by Schierman 
and Nordskog (1961). Studies of the avian MHC 
have given insight into the functional advantage 
of MHC polymorphism as well as the survival 
value for the species of certain MHC alleles 
(Nordskog et al., 1977; Longenecker and Mos-
mann, 1981). Birkmeyer et al. (1982) studied 
mortality and body weight in the Iowa State 
University SI population of White Leghorns 
segregating for Ea-B and humoral immune re-
sponse to the random synthetic amino acid 
polymer, glutamic acid-alanine-tyrosine (Ir-
GAT). They reported that the four haplotypes 
differed significantly in body weight at 8 wk of 
age and that differences in total (0 to 78 wk) 
mortality were associated with selection for Ir-
1 Journal Paper Number J-12487 of the Iowa Agriculture 
and Home Economics Experiment Station, Ames, Iowa; 
Project Number 2237. Partially supported by Department 
of Health and Human Services/National Institutes of Health 
2 S07 RR07034-19. 
zTo whom correspondence should be addressed. 
GAT. There were, however, interactions be-
tween Ea-B and Ir-GAT for mortality from 4 to 
78 wk. This study was conducted to examine 
genetic relationships of Ea-B, Ir-GAT, and RSV 
tumor response with sheep red blood cell 
(SRBC) antibody response, survival, and body 
weight, and also to estimate heritabilities and 
correlations between body weights and SRBC 
antibody titers in the SI population of White 
Leghorn chicks. 
MATERIALS AND METHODS 
Animals. The Iowa State University SI White 
Leghorn line was used (Pevzner et al., 1978). 
Birds were maintained in eight sublines which 
represent all eight possible triple homozygous 
genotypes for: Ea-B (B\ B19), high or low Ir-
GAT, and progressive or regressive Rous sar-
coma virus-induced (RSV) tumor response. The 
Ea-B was identified in all breeders by micro-
hemagglutination with B-specific alloantisera 
(Fanguy, 1961; Wegmann and Smithies, 1966). 
The Ir-GAT was determined by radioimmunoas-
say (Pevzner et al., 1978). The RSV response 
was evaluated in sibs of breeders after inocula-
tion with Bryan high-titer subgroup RSV (Geb-
riel et al., 1979). A detailed study of the SI 
line pedigree through 1983 has been completed 
(Cheng, 1985). From 1965 to 1978, breeders 
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were chosen on the basis of Ea-B type, and 
mated to produce homozygous and heterozygous 
types. Since 1978, selection was applied within 
each Ea-B type for Ir-GAT, resulting in four 
haplotypes, B'B1 Ir-GAT High, fl'fl' Ir-GAT 
Low, B19B19 Ir-GAT High, and B1 V 9 Ir-GAT 
Low (Pevznere? al., 1978). Beginning in 1982, 
selection was applied within each Ea-B-Ir-GAT 
group for RSV tumor response in sib tests. Of 
24 ancestors of the 1965 generation represented 
in the 1983 generation, 10 (41.7%) were com-
mon to the BlBl and Bi9Bi9 sublines. 
Each experimental group was composed of 
the offspring of four sires. About 33 chicks were 
selected randomly in each genetic group, for a 
total of 256 chicks. Chicks were reared in cages 
in the same room. Water and feed were provided 
ad libitum. Chicks received no vaccinations 
other than sheep red blood cells (SRBC). 
Experimental Procedures. Chicks were 
weighed biweekly from hatch to 6 wk of age. 
In order to elicit a secondary immune response, 
birds were injected intramuscularly twice, at 2 
wk and 3 wk, with .1 mL of 2% SRBC. The 
SRBC were pooled from four donor sheep and 
washed with phosphate-buffered saline solution. 
Chick blood samples were collected at Week 4 
from the wing vein into tubes containing . 1 mL 
of heparin and sera were isolated by centrifuga-
tion. The SRBC antibodies were evaluated by 
using the microhemagglutination test (Weg-
mann and Smithies, 1966). Titers were expres-
sed as the log 2 of the reciprocal of the highest 
serum dilution showing positive hemagglutina-
tion. 
Statistics. Data were analyzed by the least-
squares analysis of variance method using the 
SAS statistical program (SAS Institute, Inc., 
1985). The assumed linear model was: Yjjklm 
= u, + Bi + Gj + Rk + BGy + BRik + GRjk 
+ BGRijk + S(ijk)1 + eijklm, where: Y = the 
value of the mthanimal; u, = population mean; 
Bi = fixed effect of the ith Ea-B (i = 1, 19); 
Gj = fixed effect of the j t h Ir-GAT (j = H, L); 
Rk = fixed effect of the k
th RSV response (k 
= P, R); BGy, BRik, GRjk, BGRijk = fixed 
effects of the respective interactions; S,;jk)1 = 
the random effect of the 1th sire within i blood 
type, j t h Ir-GAT, and kth RSV response with 
assumed mean zero and variance CTS; and eijklm 
= the random error effect associated with the 
ijklm observation with assumed mean zero and 
variance a\. 
All main effects and interactions were tested 
using the sire mean square as the error term. 
Sire effects were tested using the error mean 
square. Comparison of means of main effects 
and interactions was made using Student's t test. 
Correlations between the weights and SRBC 
titer were tested for heterogeneity between 
groups. Due to some heterogeneity between Ir-
GAT groups, correlations were estimated by Ir-
GAT classification. Half-sib estimates of 
heritabilities and approximate standard errors 
(conservative) were calculated as outlined by 
Dickerson (1969). 
RESULTS AND DISCUSSION 
This study was conducted with subline popu-
lations, and as such should be interpreted conser-
vatively regarding possible genetic significance 
of the data. The combined effects of small popu-
lation numbers, random drift, and sublining may 
have confounded genetic effects seen in the ex-
periment. Due to the methods of selection within 
the population, especially the RSV classifica-
tion, which required sib testing, sublining was 
the most practical approach to evaluation of ef-
fects of selection for the three traits under con-
sideration (Ea-B, Ir-GAT, RSV response) in the 
SI line. The entire 1983 population traces back 
to two sires and five dams in 1965. However, 
after 1975, fi'fi1 and Bl9Bw birds were not in-
termated. Pevzner et al. (1978) suggest that 
chromosomal recombination events generated 
the B'lr-GAT-high and fi'9Ir-GAT-low linkage 
groups from parental fi'lr-GAT-low and fi19Ir-
GAT-high linkage groups. Selection for many 
generations on the traits of only Ea-B and Ir-
GAT would tend to randomize the contribution 
of background genes. The selection for RSV 
response was conducted independently in each 
of the four £a-B/Ir-GAT haplotype sublines 
creating, in effect, four replicates of RSV selec-
tion. Because the RSV response selections were 
made within Ea-B/Ir-GAT sublines, it is as-
sumed that the subline selections for this trait 
were based primarily on non-MHC genes. In the 
statistical analysis of the data of this study, main 
effects were averaged over interaction effects 
so that the relative importance of the background 
genes was assumed to be small. 
Survival. The Ir-GAT High (H) groups of 
chicks showed higher survival than Ir-GAT Low 
(L) groups (Table 1). Survival was significantly 
different (P<.01) from 2 to 6 wk for chicks that 
differed for Ir-GAT. Mean survival percentages 
by Ir-GAT response were 100, 99, and 98 for 
H, and 91, 89 and 80 for L, at 2, 4, and 6 wk, 
1260 KIMETAL. 
TABLE 1. Survival to 2, 4, and 6 wk of age by haplotype 
Percent survival 
Haplotype1 Number 2 wk 4 wk 6 wk 
1HR 32 100a 100a 100a 
19HP 32 100a 100a 100a 
1HP 32 100a 100a 97a l 
19HR 33 100a 97 a 97a l 
1LR 30 97 a 97 a 8 3 b 
1LP 32 9 3 a b 9 1 a b 84 b 
19LP 32 90 a b 8 8 b 78 c 
19LR 33 84 b 8 2 b 73 c 
Percentages in the same column bearing different superscripts are significantly different (P<.05). 
1 1 = Blood type Ea-B1 ; 19 = blood type Ea-B19; H = high immune response to amino acid polymer (Ir-GAT); 
L = low Ir-GAT; P = Rous sarcoma virus (RSV) tumor progressor; R = RSV tumor regressor. 
respectively. The B'y(19) groups showed the 
lowest survival among the L group. Among L 
groups, most of the mortality occurred during 
0 to 2 and 4 to 6 wk of age. There were no 
significant differences in mortality between 
RSV response groups within the same Ea-B type 
and Ir-GAT, except for 19L at 2 wk of age. 
Survival was associated with Ir-GAT, but not 
with Ea-B or RSV response. Birkmeyer (per-
sonal communication, 1982), who also used the 
White Leghorn SI line and estimated the mortal-
ity from hatch to 78 wk of age, found that sur-
vival was associated with Ir-GAT. Because there 
was no vaccination against disease during this 
experiment, the results suggest that selection for 
high Ir-GAT could reduce general mortality in 
the SI line. 
Body Weight and Sheep Red Blood Cell Anti-
body Titer. Mean squares of factors affecting 
body weight and SRBC antibody titer are given 
in Table 2. There was a significant difference 
(P<.01) in body weight between groups with 
different Ea-B types at all ages tested, but no 
significant difference between Ea-B types in 
SRBC antibody titer. A significant difference 
between groups with different Ir-GAT classifi-
cations was also seen in body weight at 2, 4, 
and 6 wk of age (P<.05), but not in antibody 
titer. RSV response was not significantly as-
sociated with differences in body weight or 
SRBC antibody titer. Gyles et al. (1986) found 
a positive genetic association between high anti-
body response to SRBC and regression of RSV 
tumors. The differences between the studies may 
result from the method of formation of the sub-
lines tested. In the Gyles et al. (1986) study, 
selection was first based on RSV tumor re-
sponse; subsequently, sublines were formed 
based on Ea-B type. Genetic control of tumor 
response in those lines was due to the R-Rs-1 
gene. In contrast, in the present study, lines 
were first selected for Ea-B and Ir-GAT and 
then sublined for RSV tumor response. Thus, 
the genetic control of RSV tumor response in 
our S1 line may be based primarily on non-MHC 
genes. These differences in the genetics of RSV 
tumor response may account for the discrepancy 
between the studies in genetic association of 
RSV tumor response and SRBC antibody titer. 
The Ea-B x Ir-GAT interaction was signif-
icant (P<.05) for body weight at all ages and 
also for SRBC antibody titer (Table 3). The 19L 
groups had the heaviest body weight at hatch, 
but this group had a significantly slower growth 
rate than other groups during the first 2 wk of 
age and was significantly lighter than the other 
groups from 2 wk of age. The SRBC antibody 
titer was not significantly associated with the 
overall effects of Ea-B, Ir-GAT, or RSV re-
sponse, but the effect of the interaction between 
Ea-B and Ir-GAT on titer was significant. The 
mean SRBC antibody titer was highest in the 
1L groups and the lowest in the 19L groups. 
The lower titer in the 19L groups may be partly 
due to these groups having the lowest body 
weight at 4 wk of age. The SRBC antibody titer, 
however, does not follow the ranking of 4 wk 
body weight exactly. This suggests that genetic 
effects, in addition to low body weight, may 
have caused the low antibody response in the 
19L groups. 
Correlations between body weights and anti-
body titer to SRBC, by Ir-GAT group, are shown 
in Table 4. As expected, there were significant 
positive correlations between 2 and 4, 2 and 6, 
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TABLE 3. Least squares means of body weight and sheep red blood cell (SRBC) antibody titers for the 
interaction between bloodtype (BT) and immune response to an amino acid polymer (lr-GAT) 
BT-GAT 
Group1 0 wk 
Body weight 





























a cMeans in the same column bearing different superscripts are significantly different (P<.05). 
1 1 = Ea-B1 ; 19 = Ea-B19; H = lr-GAT high; L = lr-GAT low. 
was significantly positively correlated with sub-
sequent weights in the H group, but not in the 
L group. Antibody titer to SRBC was not corre-
lated with body weight in the H group, but was 
significantly positively correlated with 2, 4, and 
6-wk body weight in the L group. Perhaps con-
dition of the individual birds, as indicated by 
body weight, is relatively more important in 
mounting an immune response to SRBC in the 
L group than in the H group. 
The SRBC antibody titer seemed to be mod-
erately heritable, and body weight heritabilities 
(h2) at ages 2 to 6 wk were also moderate (.27 
to .43), as shown in Table 5. Kinney (1969) 
summarized the h2 of body weight at different 
ages, reporting average h2 of body weight rang-
ing from .30 to .78. Heritabilities calculated in 
this study were lower than those reported by 
Kinney (1969), but similar to results reported 
by Marks (1980) for chicks 6 wk of age (h2 = 
.37 to .41). Heritability of body weight at hatch 
was high (.62 ± .30) as expected, since hatch-
ing body weight is dependent primarily upon 
egg size. The h2 of SRBC antibody titer (.34) 
was similar to the results of van der Zijpp and 
Leenstra(1980) (h2 = .30) and of van der Zijpp 
et al. (1983) (h2 ranged from .10 to .40) but 
higher than that of Gyles et al. (1986) (h2 = 
.08 to . 15). The standard errors of h2 estimated 
in this study were large, as expected, because 
h2 was estimated from only 32 sires (24 degrees 
of freedom). 
This study was conducted to determine the 
genetic associations of Ea-B, lr-GAT, and RSV 
TABLE 4. Correlation coefficients between body weights at four ages 
and SRBC antibody titer by lr-GAT group1 
Body weight at: 
Body weight at: 2 wk 4 wk 6 wk SRBC Titer 
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1 SRBC = Sheep red blood cell; lr-GAT = immune response to an amino acid polymer. 
*P<.05. 
**P<.01. 














TABLE 5. Heritabilities of sheep red blood cell 







Weight gain (0 to 6 wk) 
1 Approximate (Dickerson, 1969). Standard errors 
are given. 
tumor response with SRBC antibody response, 
body weight, and survival in young chicks. The 
results suggest that selection for high Ir-GAT 
may decrease general mortality and improve 
early body weight gain and immune response 
in young Leghorn chicks. 
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